Fungal placentitis is an infectious disease inducing abortion in pregnant mares
Ascending placentitis is a major cause of abortion, stillbirth, and perinatal death in late equine pregnancy, mainly because of bacteria and fungi from the uterine cervix [9] . Most of these infections are caused by bacteria, and there have been only a few reports on fungal placentitis. Regarding diagnosis of placentitis, the blood concentrations of progestin and estrogen [15, 19] , the combined thickness of the uterus and placenta (CTUP) [18] , and fetal ultrasonographic indices [4, 16, 17] have been reported as methods of monitoring the fetal and placental conditions. Bacterial placentitis experimental models have been used for research on diagnosis [2, 5, 8, 12] and treatment [3] . Conversely, there are only a few reports on natural cases of infections in the field [7] . This report aimed to describe the history of an abortion caused by natural fungal placentitis with several consecutive examinations, including blood examinations and ultrasonographic examinations prior to clinical signs of abortion.
The mare was a 12-year-old Thoroughbred that had a history of six births without abortion. The mare aborted at 41 weeks (285 days) of pregnancy. The mare was fed to maintain a body condition score of 6.0-7.0 at the JRA Hidaka Training and Research Center (Urakawa, Japan).
For monitoring of the pregnant mare, we collected blood samples every week to measure progesterone and estradiol levels, the white blood cell (WBC) count, and serum amyloid A (SAA). Ultrasonographic examinations were carried out to measure fetal heart rate (FHR) and CTUP [18] . We examined the mare every week until 26 weeks and then every two weeks. Then we examined the mare every week again after 32 weeks when the CTUP showed abnormal. This monitoring strategy was approved by the Animal Care and Use Committee at Hidaka Training and Research Center. Plasma concentrations of progesterone and estradiol were determined by time-resolved fluoroimmunoassay (TR-FIA) using DELFIA systems (PerkinElmer, Waltham, MA, U.S.A.) according to the manufacturer's protocol with minor modifications [10] . The treatment strategy was based on previous report [11] . Trimethoprim-sulfamethoxazole (15 mg/kg, quoque 12 hora (q12 h), per os (PO)), diclofenac sodium (125-250 mg, q12 h, PO), ritodrine hydrochloride (0.1 mg/kg, q12 h, PO), and medroxyprogesterone (200-400 mg, q24 h, PO) were prescribed as antimicrobial, anti-inflammatory, and tocolytic medications. Treatment was continued or modified according to clinical findings or results of examinations. Uterine cervical swabs were also collected for identification of pathogens after vaginal discharge onset. Upon abortion, the placenta and fetal organs were pathologically examined.
Standard ranges of progesterone, estradiol, CTUP, and FHR were defined as means ± 2SD (standard deviation) and were based on normal pregnant mares. The data for progesterone and estradiol were collected from 28 normal pregnant mares (12 mares in 4 years) at our farm (data not published), and those for CTUP and FHR were from our previous report [13] . Values higher (progesterone and CTUP) or lower (estradiol and FHR) than the standard range were regarded as abnormal.
At 32 weeks of pregnancy, abnormal progesterone (5.18 ng/ml, standard range: 1.46-4.17 ng/ml) and CTUP (10.7 mm, standard range: 2.76-7.16 mm) values were observed without any clinical signs ( Figs. 1 and 2 ). Thus, we started administering trimethoprim-sulfamethoxazole. At 34 weeks, vaginal discharge appeared, and Aspergillus fumigatus was isolated from uterine cervical swabs (Table  1) , so we added tocolytics. The CTUP rapidly increased, and high echogenic pus was observed between the uterine wall and placenta. At 37 weeks, the udder developed, and vaginal discharge increased, so we administered diclofenac sodium. Subsequently, the clinical symptoms subsided, and we gradually decreased the dose of diclofenac sodium (250 to 125 mg) beginning in the 39th week of gestation. FHR decreased from 38 weeks (Fig. 3) , and the udder developed further at 40 weeks. The mare aborted at 41 weeks. Red bag delivery (premature placental separation) was observed at abortion. The fetus was already dead when delivered. The fetal crown-rump length was 90 cm, and its body weight was 31 kg. The chorionic membrane around the cervical star was white in color due to calcification, approximately 15 cm toward the cranium, and thick. The allantoic aspect was diffusely bleeding.
A. fumigatus was detected repeatedly from uterine cervical swabs (Table 2) . Various other bacteria were also detected after 35 weeks of pregnancy, but they were inconsistently detected. Streptococcus suis, Escherichia coli, and A. fumigatus were detected from placenta and uterine cervix swabs when the mare aborted. Histopathologically, mycelia positive for anti-Aspergillus sp. antibody (AbD Serotec) and Grocott staining were observed in the placenta (Fig.  4) . No microorganisms such as bacteria, fungi, or equine herpesvirus were detected in fetal organs or gastric contents.
While clinical signs (vaginal discharge) appeared at 34 weeks of pregnancy, the progesterone level and CTUP were abnormal at 32 weeks. An increase in SAA values and a decrease in FHR were observed at 36 and 38 weeks, respectively. The WBC count was normal until abortion. Although the pathogens differed between this report and previous studies of experimentally induced bacterial placentitis [2, 5, 8, 12] , there were some similarities, such as changes in progesterone, estradiol, and CTUP, and differences, such as changes in SAA and FHR.
Endocrinologically, the progesterone level was higher than normal at 32 weeks of pregnancy and higher than the cutoff value calculated by Shikichi et al. [19] based on abnormal pregnancies at 29 weeks. In addition, the onset of increase was at 26 weeks. These serial changes may indicate the gradual progress of the pathological condition in natural infection. The cutoff value was irregular; for example, the value at 221-240 days of pregnancy was higher than those at 241-260 days and 261-280 days. So the progesterone level in this case was over the cutoff value at 29 weeks and then back in the normal range at 30 and 32-35 weeks of pregnancy. The estradiol levels were within the normal range but showed changes different from those observed in normal pregnant mares, decreasing from 31 to 32 weeks of pregnancy. These levels recovered at 33 weeks but continued to decrease again after 34 weeks. Estradiol stayed within the normal range because the standard range for it was broad due to large individual differences in the normal pregnant mares. Conversely, the estradiol level reached a value below the cutoff value [19] at 37 weeks, suggesting that the drop in estradiol level heralded abortion.
In experimentally induced placentitis, an increased CTUP was observed 3 days after Streptococcus zooepidemicus inoculation [2] . In the present case, the CTUP continued to rise beginning at 32 weeks of pregnancy.
SAA was reported to be a useful diagnostic marker for placentitis based on the results of experimentally induced ascending bacterial placentitis [5, 8] . In experimentally induced ascending placentitis, clinical signs appeared after 24 hr of inoculation, and SAA increased after 48 hr of inoculation without treatment [8] . In this study, however, the increase of SAA was only temporary. The reason for this is unclear, but the increase may indicate a second bacterial infection because it coincided with the first detection of bacteria by uterine cervical swab, despite the fact that SAA did not increase with the first fungal infection. Experimentally induced placentitis is also associated with the elevation Fig. 3 . Changes of fetal heart rate (FHR) in the aborting and normal pregnant mares. FHR was decreased from 37 weeks of pregnancy and decreased to below the standard range (arrow), calculated as mean ± 2SD, from 38 weeks.
of other biomarkers in the maternal plasma [6] .
In experimentally induced ascending placentitis, there was no difference in FHR between induced and control mares [2] . In our case, the FHR fell below the standard range at 38 weeks of pregnancy (12 days before abortion). In normal fetal development, the FHR declines toward delivery [4, 13, 14] . Fetal bradycardia is often a result of central nervous system (CNS) depression because of hypoxia [4] and has been associated with a poor outcome in pregnant mares [1] .
In conclusion, we reported a case of natural fungal placentitis monitored consecutively by microbiological and biochemical analyses. We did not perform any in-depth comparisons of this case with experimental models because the pattern of infection ant the pathogens were different. Progesterone and CTUP appeared to be abnormal before the onset of clinical signs. Additionally, SAA and the FHR also exhibited abnormal values prior to abortion. In this case, the cutoff value shows abnormal prior to the standard range, calculated as the mean ± 2SD, but the usefulness of the cutoff value was controversial. Blood hormone levels started to change gradually within the standard range before the onset of clinical signs. For early diagnosis of placentitis, it may be important to focus on individual changes in progesterone or estradiol levels in the individual mare. -
The number of colonies (CFU/ml) is indicated as follows: −: 0; +: 1-10; ++: 11-100; +++: 101-1,000; ++++: 1,001-10,000; +++++: 10,001 and more. *Bacterial counting for the organism was not applicable. NA indicates that the sample was positive but that colonies could not be counted.
